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Title of the Invention D-1205CIP 
LIQUID CHROMATOGRAPH MASS SPECTROMETER 

Cross Reference to Related Application 
5 [0001] This is a continuation-in-part application of Patent 

Application Serial No. 10/015,668 filed on December 17, 2001. 

Background of the Invention and Related Art Statement 
[0002] The invention relates to a liquid chromatograph mass 

10 spectrometer, in particular, an apparatus suitable for 
fractionating various components contained in a sample solution 
by using a liquid chromatograph mass spectrometer. 

[0001] Heretofore, there has been known a fraction 

chromatograph wherein a plurality of components contained in a 
15 sample is separated and collected by using a chromatograph device, 
such as high performance liquid chromatograph (hereinafter 
referred to as "HPLC") . 

[0002] Fig. 1 is a block diagram for showing an example 'of a 

structure of a fraction chromatograph using HPLC. An eluant, i.e. 

20 mobile phase, stored in an eluant tank 1 is sucked by a pump 2 
and is transferred to flow into a column 4 through a sample 
introduction portion 3 at a predetermined flow rate. A sample 
solution injected into the mobile phase at the sample 
introduction portion 3 is introduced into the column 4 together 

25 with the mobile phase, and while passing through the column 4, 
components in the sample solution are separated and eluted. 
[0003] A detector 5 detects the components eluted from the 

column 4 sequentially and sends detection signals to a signal 
process portion 6. All or a part of the eluate passing through 

30 the detector 5 is introduced into a fraction collector 8. The 
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signal process portion 6 prepares a chromatogram based on the 
detection signals obtained from the detector 5, and a control 
portion 7 provides the fraction collector 8 with a control signal 
for fractionation based on a peak appearing on the chromatogram 
at real time. The fraction collector 8* controls an 

electromagnetic valve and the like based on the control signal, 
and distributes the eluate to vials corresponding to the 
respective components . 

[0004] Recently, there has been widely used a liquid 

chromatograph mass spectrometer (hereinafter referred to as 
"LC/MS" ) using a mass spectrometer (hereinafter referred to as 
"MS") as a detector of HPLC. In the MS, various components 
contained in an introduced sample are separated and detected 
according to a mass number, i.e. mass/charge. Therefore, even if 
a plurality of components is overlapped at the same elution time, 
it is possible to separate these components for a qualitative 
analysis and a quantitative analysis. 

[0005] Fig. 2 is a view showing an example of a configuration 

of the LC/MS apparatus. In the LC/MS, a mass scan is carried out 
within a certain mass range. Then, an intensity of an ion 
separated in every mass number is detected sequentially, and a 
relationship between the mass number and the intensity is created 
to obtain a mass spectrum. Also, a total ion chromatogram 
(hereinafter referred to simply as "chromatogram") can be 
obtained by repeatedly carrying out the mass scan, integrating 
the ion intensity in every scan regardless of the mass number and 
examining a change of the total ion intensity with time. Further, 
by focusing on a specific mass number, a mass chromatogram can be 
obtained by examining a change of the ion intensity having the 
mass number with time for every scan. 



[0006] In general, in the LC/MS, a sample is ionized with a 

soft ionization method (an electro spray method, an atmospheric- 
pressure chemical ionization method and the like) . Accordingly, 
different from an EI (electron impact) ionization method used in 
5 the GC/MS, it is possible to obtain a simple chromatogram in 
which only such ions as [M+H] + and [M+Na] + , which are produced 
through an addition of a proton or a salt in the solvent to a 
material, are detected (hereinafter, called "molecular ion 
detection mode"). When it is necessary to obtain information 

10 regarding a molecular structure, a method called CID (collision 
induced dissociation) is used. In this method, a molecular ion 
is produced in a nebulizing chamber 11. Then, a voltage 
different from an ordinary voltage is applied to an electrode 
disposed in an immediate chamber 15 to induce the CID to create a 

15 fragment of the molecular ion, thereby detecting the fragment 
(hereinafter, called "fragment ion detection mode"). 
[0007] When the LC/MS is used for the fraction chromatograph, 
it is necessary to determine a timing of fraction based on 
chromatogram data for preparing a chromatogram or mass- 

20 chromatogram. Normally, the chromatogram data is calculated from 
a number of mass spectrum data obtained by a single mass scan 
according to a predetermined process condition set (for example, 
a sum of intensities of ions having a specific mass number, a sum 
of intensities of ions within a predetermined mass range and the 

25 like) . Therefore, a single chromatogram data is obtained per a 
single mass scan. 

[0008] When a mass scan is alternately switched between the 
molecular ion detection mode and the fragment ion detection mode 
within a wide mass range (for example, m/z: 20 - 2000) for the 
30 analysis, a chromatogram data obtained at a certain time point t 



is a value calculated based on the mass spectrum obtained in the 
molecular ion detection mode, and the subsequent chromatogram 
datum obtained at t + At is a value calculated based on the mass 
spectrum obtained in the fragment ion detection mode. 
5 [0009] Generally, the background noises are 1 at different 

levels in the molecular ion detection mode and the fragment ion 
detection mode. As a result, as shown in Fig. 7(a), a 
chromatogram based on a mass spectrum obtained in the molecular 
ion detection mode has a base line different from that of a 

10 chromatogram based on a mass spectrum obtained in the fragment 
ion detection mode. Therefore, as shown in Fig. 7(b), when the 
chromatogram data obtained whenever the mass scan is switched 
between the two measurement modes is continuously combined, a 
resultant chromatogram curve has a saw teeth shape. 

15 [0010] Also, when a measurement is performed in a SIM mode in 
which only a predetermined mass number is continuously monitored 
to obtain a chromatogram, each chromatogram exhibits a chart like, 
for example, one shown in Fig. 8(a). As a result, as shown in 
Fig. 8(b), when the chromatogram data is continuously combined, a 

20 resultant chromatogram curve has a saw teeth shape. 

[0011] In either case, it is difficult for the control portion 

7 to accurately determine a starting point and a terminal point 
of a peak from such chromatogram data. Therefore, it is 
impossible to determine when each component should be 

25 fractionated, or an erroneous control signal is sent to the 
fraction collector 8. For this reason, when the conventional 
LC/MS is used for the fractionation operation, it is difficult to 
fractionate while alternately switching the measurement modes, 
and it is necessary to perform the fractionation operation in a 

30 single measurement mode, resulting in poor operational efficiency. 
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[0012] In view of the above problems, the present invention 

has been made, and an object of the present invention is to 
provide a liquid chromatograph mass spectrometer for obtaining a 
chromatogram to operate a fraction collector normally even when a 
5 mass spectrometry analysis is carried out while switching 
measurement conditions such as the molecular ion detection mode 
and the fragment ion detection mode. As a result, it is possible 
to complete a proper fractionation operation only through a 
single analysis. 

10 [0013] Further objects and advantages of the invention will be 

apparent from the following description of the invention. 

Summary of the Invention 

[0014] In order to solve the above-stated problems, according 

15 to the present invention, in a liquid chromatograph mass 
spectrometer, components in a sample are separated in a liquid 
chromatograph portion with time, i.e. along a passage of time. 
Then, the sample is introduced into a mass spectrometry portion 
and a fraction collector, so that each component is fractionated 

20 and collected in the fraction collector based on information 
obtained in the mass spectrometry portion. The liquid 

chromatograph mass spectrometer includes: a setting device for 
setting a plurality of spectrometry conditions for mass 
spectrometry in advance; a spectrometry execution device for 

25 executing a cycle of the spectrometry while changing the 
spectrometry conditions set by the setting device whenever a 
single mass scan is carried out, and for repeating the 
spectrometry sequentially; an operation device for obtaining 
chromatogram data by adding a number of mass spectrum intensities 

30 obtained by the single mass scan whenever the cycle of the 



spectrometry is completed and further adding the sums of the 
respective mass scans, or for obtaining the chromatogram data by 
adding the mass spectrum data with respect to a specific mass 
number obtained by the respective mass scans; and a fraction 
5 control device for controlling an operation off the fraction 
collector based on the chromatogram data obtained by the 
operation device. 

[0015] Here, the "spectrometry condition" is a condition that 

affects an ion generating condition or an ion detecting condition. 

10 The "spectrometry condition" includes, for example, a molecular 
ion detection mode and a fragment ion detection mode. When the 
setting device sets the molecular ion detection mode and the 
fragment ion detection mode, the spectrometry execution device 
alternately carries out a single mass scan in the molecular ion 

15 detection mode and a single mass scan in the fragment ion 
detection mode. 

[0016] A large number of mass spectrum data with respect to 
the mass number is obtained per the single mass scan witKin a 
predetermined mass range. The operation device adds the mass 

20 spectrum intensities in the mass spectrum data per the single 
scan within a predetermined spectrum mass range. The spectrum 
mass range includes a range over the whole mass spectroscopy 
(TIC) , a mass range arbitrary adjustable by an operator (MIC) , 
and a range of a specific mass number (MI). The operation device 

25 further adds the sums of the mass spectrum intensities in the 
molecular ion detection mode and in the fragment ion detection 
mode to obtain a single chromatogram datum. 

[0017] The single chromatogram datum contains mass spectrum 
data in a plurality of spectrometry conditions. Therefore, the 
30 single chromatogram datum is an averaged result even if the 



respective chromatograms have base lines at different levels 
depending on the spectrometry conditions, or a peak is present 
only in either of the spectrometry conditions. Incidentally, 
when the fractionation operation is carried out based on the mass 
chromatogram^ the operation device adds the mass spectrum data 
with respect to a specific mass number obtained by each mass scan 
to obtain the chromatogram data. 

[0018] According to the liquid chromatograph mass spectrometer 
of the present invention, even when the mass scan is carried out 
while switching the spectrometry conditions of the mass 
spectrometry, it is possible to obtain the chromatogram having a 
normal peak waveform. Therefore, it is possible to fractionate 
the respective components with the fraction collector. 

Brief Description of the Drawings 

[0019] Fig. 1 is a block diagram showing a structure of a 

conventional fraction chromatograph using a general HPLC; 

Fig. 2 is a block diagram showing an entire structure of 
LC/MS according to the present invention; 

Fig. 3 is a flow chart showing a signal process operation; 

Fig. 4 is a view showing a screen for setting a spectrometry 
condition; 

Fig. 5 is a view showing a screen for setting an analog 
output condition; 

Fig. 6 is a graphic chart for explaining a signal process 
operation; 

Figs. 7(a) and 7(b) are chromatograms for explaining 
problems in a fraction device using a conventional LC/MS; 

Figs. 8(a) and 8(b) are other chromatograms for explaining 
problems in a fraction device using a conventional LC/MS; and 



Figs. 9(a) and 9(b) are examples of chromatograms obtained 
in an embodiment of the present invention. 

Detailed Description of Preferred Embodiments 
5 [0020] Hereunder, embodiments of the present indention will be 

explained with reference to the accompanying drawings . In the 
LC/MS of the invention, a sample is ionized with a soft 
ionization method (an electro spray method, an atmospheric- 
pressure chemical ionization method and the like). Fig. 2 is a 
10 block diagram of an entire LC/MS according to the present 
embodiment in a case that an atmospheric-pressure chemical 
ionization method (APCI) is used. 

[0021] A sample solution is eluted from a column 4 of an LC, 
and then divided in two-flow paths at a predetermined ratio at a 

15 flow-path branch portion 9. One of the sample solutions is sent 
to an MS portion 10 and the other is sent to a fraction collector 
8. The MS portion 10 includes a nebulizing or atomizing chamber 
11 having a nozzle 12 and a discharge electrode 13, and a 
spectrometry chamber 16 having a quadrupole filter 17 and an ion 

20 detector 18. Two intermediate chambers 15 are provided between 
the nebulizing chamber 11 and the spectrometry chamber 16. The 
nebulizing chamber 11 is connected to the first intermediate 
chamber 15 through a de-solvent pipe 14. 

[0022] The ion detector 18 in the MS portion 10 sends a 
25 detection signal to a signal process portion 20. After the 
signal is processed at the signal process portion 20 (described 
later), the chromatogram data is sent to a control portion 21. 
The control portion 21 controls operations of the respective 
portions in the MS portion 10, the fraction collector 8, and the 
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respective portions of the LC (a control signal line is not 
shown) . 

[0023] An operation of the MS portion 10 will be explained as 
follows. When the sample solution supplied from the column 4 
5 reaches the ' nozzle 12, the sample solution is 'sprayed in the 
nebulizing chamber 11 as high temperature drops. The sprayed 
drops collide with gas molecules under the atmospheric pressure 
to break down into further fine drops, and are quickly dried, i.e. 
removal of the solvent, to thereby vaporize the sample molecules. 
10 The fine gas particles contact buffer ions produced by the corona 
discharge from the discharge electrode 13 to cause a chemical 
reaction, and are ionized. 

[0024] The fine drops containing the generated ions plunge 

into the de-solvent pipe 14, and the solvent is further removed 

15 while the fine drops pass through the de-solvent pipe 14. The 
ions are sent to the spectrometry chamber 16 through the two 
intermediate chambers 15, and only target ions having a specific 
mass number, i.e. mass/charge, pass through the quadrupole filter 
17 disposed in the spectrometry chamber 16 to reach the ion 

20 detector 18. The ion detector 18 retrieves an electric current 
corresponding to the ion number of the ions arrived at the ion 
detector 18 . 

[0025] In the MS portion 10, a voltage applied to the 

respective portions such as the discharge electrode 13 is changed. 
25 Also, it is possible to switch between a molecular ion detection 
mode and a fragment ion detection mode, or between 
positive/negative ion detection modes, by switching the operation 
of the ion detector 18. 

[0026] Hereunder, an operation of the LC/MS will be explained 

30 when the fractionation operation is performed under the 



spectrometry condition for switching between the molecular ion 
detection mode and the fragment ion detection mode. 
[0027] Fig. 3 is a flow chart showing operations at the time 

of the spectrometry in the signal process portion 20 and the 
5 control portion 21, Fig. 4 is a view showing a scr,een for setting 
the spectrometry condition, and Fig. 6 is a graphic chart for 
explaining the operation. An operator inputs various parameters 
through the operating portion 22 such as an operation condition 
of LC, an operation condition of the MS portion 10 and a process 

10 condition in the signal process portion 20. 

[0028] As shown in Fig. 4, a plurality of spectrometry 

conditions having the same start/stop time is created to repeat 
the spectrometry set in the operating portion 22. Fig. 5 is a 
view showing an example of a screen for inputting an analog 

15 output condition. According to the mass spectrometry conditions 
created in Fig. 4, the operator inputs mass range information and 
a coefficient of conversion to a voltage value for calculation to 
control the fraction collector. The mass range information 
includes a range over the whole mass spectroscopy (TIC) , a mass 

20 range arbitrary adjustable by an operator (MIC) , and a range of a 
specific mass number (MI). In this embodiment, it is arranged 
that two mass ranges can be added to obtain the chromatogram data 
from a single mass spectrum. When there are more than two ranges, 
it is still possible to add the specified ranges. 

25 [0029] When the spectrometry starts, first, the control 

portion 21 sets parameters of the respective portions of the MS 
portion 10 for the molecular ion detection mode (Step SI) , and 
carries out the mass scan in a predetermined mass range (Step S2). 
At the time of the mass scan, when the voltage applied to the 

30 quadrupole filter 17 is scanned, the mass number of the ions 



passing through the quadrupole filter 17 to reach the ion 
detector 18 is changed. 

[0030] The signal process portion 20 processes the detection 
signals changing sequentially during the mass scan, and obtains 
5 the mass spectrum data representing a relationship between the 
mass number and the ion intensity (Step S3) . Among a large 
number of mass spectrum data, the mass spectrum data is extracted 
according to the predetermined process conditions (mass range 
information) . The mass spectrum is added together to obtain the 

10 chromatogram data A(0) of the molecular ion detection mode, and 
the chromatogram data is stored in a memory (Step S4). 
[0031] Then, the control portion 21 sets parameters of the 
respective portions of the MS portion 10 for the fragment ion 
detection mode (Step S5) , and carries out the mass scan in a 

15 predetermined mass range (Step S6) . More specifically, the 
control portion 21 carries out the mass scan in the same manner 
as in the above-explained molecular ion detection mode. The 
signal process portion 20 processes the detection signals 
changing sequentially during the mass scan to obtain the mass 

20 spectrum data representing a relationship between the mass number 
and the ion intensity (Step S7). Among a large number of the 
mass spectrum data, the mass spectrum data is extracted according 
to the predetermined process conditions. The mass spectrum data 
is added together to obtain the chromatogram data A(l) of the 

25 fragment ion detection mode (Step S8). 

[0032] After the chromatogram data A(0) and A(l) are obtained, 

both data are added together to obtain the chromatogram data A 
and outputted as an analogue value (Step S9) . Thereafter, until 
the spectrometry for all components is completed, the above- 

30 described process returns to Step SI from Step S10 to repeat. 



[0033] With the above-described process, as shown in Fig. 6, 

one chromatogram datum A is obtained per two mass scans. Figs. 
9(a) and 9(b) are the chromatograms based on the chromatogram 
data obtained from the signal process portion 20. As shown in 
5 Fig. 9(a), the two chromatograms in the molecular ion detection 
mode and the fragment ion detection mode are obtained separately, 
and the two chromatograms have different intensity levels. As 
shown in Fig. 9(b), in the LC/MS of the invention, a peak of the 
chromatogram appears in a normal form, not in the saw teeth shape 

10 shown in Fig. 7(b). 

[0034] When the control portion 21 receives the chromatogram 
data from the signal process portion 20 at a real time, the 
control portion 21 detects a starting point of a peak of an 
objective component to be fractionated, and outputs a collection 

15 start signal to the fraction collector 8 with a predetermined 
time delay from the time when the starting point is detected. 
The time delay is determined according to a flow rate of a mobile 
phase and a pipe capacity from the flow path branch portion* 9 to 
the nozzle 12 of the MS portion 10 and from the flow path branch 

20 portion 9 to an electromagnetic valve of the fraction collector 8. 
[0035] In the fraction collector 8, when the objective 

component reaches the electromagnetic valve, the electromagnetic 
valve is opened according to the collecting start signal to start 
the fractionation. When a termination point of the peak of the 

25 objective component is detected, the control portion 21 sends a 
collection completion signal to the fraction collector 8 in the 
same manner. When the fractionation or separation of the 
objective component is completed, the electromagnetic valve is 
closed. In a case that a plurality of components is fractionated, 

30 during a period when the electromagnetic valve is closed, a vial 



bottle is moved by a biaxial arm or the like and an empty vial 
bottle is set at a fractioning position for the next component. 
[0036] As described above, the spectrometry is carried out 
using a plurality of the spectrometry conditions. When the 
5 single chromatogram is used to process the fractibn collector, a 
box of output control on the screen shown in Fig. 5 is unchecked. 
Accordingly, the spectrometry condition is created without using 
the data for the calculation, so that either of the chromatogram 
data A(0) and A(l) is treated as zero during the process shown in 
10 Fig. 3. 

[0037] In the embodiment, the molecular ion detection mode and 

the fragment ion detection mode are processed alternately. 
Alternatively, the alternately switching method can be used for 
changing or switching other various operation conditions of the 

15 mass spectrometry. For example, it is possible to perform the 
analysis while changing polarity of the ion to be detected. When 
there are more than three operation conditions, a single 
chromatogram datum may be obtained in every more than three mass 
scans according to the operation conditions. 

20 [0038] While the invention has been explained with reference 
to the specific embodiments of the invention, the explanation is 
illustrative and the invention is limited only by the appended 
claims . 
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